A photometric method is described which enables a speedy exploration of configuration factors to be made. The method can also be used to solve the reverse problem of finding the positions with respect to a radiator at which there is a given configuration factor. Whereas the method can be applied more easdy to two-dimensional sources of radiation, it can also be applied to many three-dimensional radiators.
It is frequently necessary to calculate the radiation falling on to a receiving surface in the neighbourhood of a radiator malntained at some given temperature. Calculations of this type occur in furnace design, illumination engineering, radiant heating and studies on the growth of fire. These are often very tedious to carry out and the purpose of the present publication is to outline a simple method whereby the calculations may be performed mechanically with an accuracy of a few per cent.
The mtensity of radiation at the surface of a "black body" at a temperature To K is given by
(1)
where U is the Stefan-Boltzmann constant (1.37 x cal per cm2 per sec per T4). The intensity of radiation falling on a receiver at any distance from the radiator not only depends on the temperature of the radiating area, but is also a function of the size of the radiator, and the distance and orientation of the receiving element with respect to it. Thus the intensity of radiation at any point with respect to the radiator can be expressed as
where r$ is the configuration factor which may vary between 0 and 1, which takes into account the geometry of the problem. When the receiver is close to the radiator the configuration factor is unity giving I = UTA, and when the receiver is at a great distance from the radiator C $ will have a value tending to zero.
The integral for the configuration factor (see Appendix) is given in most books on heat transfer. The problem does not lend itself well to mathematical treatment in any but the simple cases, examples of which have been worked out mathematically by Barker and Kinoshita,(') McGuire(*) and some other workers. The numerical integration can be replaced by a graphical procedure first mentioned by Herman,(3) by an optical projection method@) or by a mechanical integrator.(5) All these methods depend on the comparison of two areas to give the configuration factor, and the whole procedure must be repeated for each determination of 4 at different positions with respect to the same radiator. By none of these methods 1s it possible to do the reverse problem, i.e. to find at what position with respect to a radiator there is a given configuration factor The method described in this paper cafl be used to solve this problem and gives a speedy method of making a complete exploration of the configuration factor with respect to a radiator. In its present form the apparatus can only solve problems in which the radiating surface is two-dimensional or can be approximated to a two-dimensional equivalent surface.
P R I N C I P L E S O F T H E M E T H O D A N D A P P A R A T U S
Since heat and light are propagated according to the same laws, then if a surface radiating heat is replaced by one radiating light under similar conditions, a photocell detector placed close to the surface of the radiator will give a reading representing aT4 in the heat problem [equation U)]. When placed in the position sunilar to that of the receiving element it will give a reading reduced by the factor $, the configuration factor. Since the configuration factor is a pure number, the linear dimensions of the radiator can be scaled by any factor providing the distance of the receiver is scaled by the same factor.
An apparatus exploiting this analogy is shown in Fig. 1 . A model of the radiating area cut out of black photographic diffusina screen paper and covered with a diffusing layer of material is pasted on to the transparent plastic screen which is uniformly iliuminated from behind The inside of section A is painted white to give a high reflectivity. The radiating area is uniformly illuminated and the light radiation from it obeys Lambert's cosine law. The inside of section B is painted black to prevent reflected light from falling on the calibrated barrier layer photocell. The cell, with a sensitive area of about 1 cm2, is used in conjunction with a galvanometer to measure the light intensity. If the intensity of the light source can be maintained constant, for instance by incorporating a constant voltage transformer, a calibrated scale can be fitted to the galvanometer to indicate the configuration factor directly. Thus when the photocell is placed close to the radiating area the configuration factor will be unity, and when placed in the position of the receiving element, the configuration factor can be read directly from the scale. Should there be reflecting surfaces in the heat problem between the radiating surface and the point at which the measurement is to be made, these, with suitable reflectivity coefficients, would have to be included in the illuminated model.
Having set up the model of the radiating area, the configuration factor can be quickly found at any position with 72 BRITISH JOURNAL OF APPLIED PHYSICS that position and reading off the configuration factor on the scale. An idea of the laborious computation which is required solve even the simple case of a receiving surface parallel to and on the axis of a rectangle can be seen from the expression for the configuration factor in Fig. 2 (see inset) , which shows the accuracy of the method outlined in this paper. The values of configuration factor near to the radiator, given by the photometric method, are lower than the calculated values. This is not illustrated well by 2 . Configuration factor at various distances along axis of rectangular source having dimensions 6 x 9.14 (arbitrary units) x = experimental points; G = calculated points conditioned with respect to the $ axis. The reason for the low values is that the cell receiving illumination at a large angle of incidence gives a response lower than the correct value, which should be proportional to the cosine of the angle of incidence. The deviation from the theoretical response IS commonly known as the "cosine error" of the Cell, and a simple method of correcting this error has recently been described by Pleijel and Longmore.(6) With this modification to the photocell the values of configuration factor near to the radiator could be found with the same accuracy as those some distance from the radiator
A P P L I C A T I O N O F T H E P H O T O M E T R I C M E T H O D T O P R O B L E M S O F T O T A L H E A T T R A N S F E R B Y R A D I A T I O N
Problems in furnace design and panel heating, as well as many others, often require a knowledge of the total heat transfer between two finite bodies, and not the amount of heaf falling on a small element from a finite source. In this case the configuration factor of the whole receiving element with respect to the radiator is required. This 1s known as the integrated or mean configuration factor, q, and can be Obtained from the expression for $ in the Appendix by integration over the area A , If we consider it as the mean conzguration factor, that is to say the mean of the values of VOL. 5, FEBRUARY 1954 73 configuration factor for elements distributed all over the area A2, then it can be expressed as A close approximation can be made for the mean configuration factor Q) of a large receiving surface by taking the configuration factor, 4, at a few points on it in suitable positions with the photocell and taking the average of these values.
Many problems involve the transfer of heat from several surfaces. It is useful to remember in these cases that configuration factors can be added and subtracted and the configuration factor can thus be found separately for each surface, the total configuration factor being given by the sum of the values. A solution of particular cases in which the radiator is threedimensional can be obtained using the photometric method, since i t is the contour of a surface and not the form which determines the value of 4. Thus the surface of a radiator may be replaced by an equivalent surface, provided the angular cover at the receiver is the same. This can easily be seen by considering the configuration factor of a sphere at a distance x (Fig. 3) .
The value of $ at a point distant x from the centre of the sphere centred on 0, would be identical with the value for the disk A B at a distance y, or the disk C D at a distance z.
C O N C L U S I O N S
The photometric method of determining configuration factors described in this paper is particularly useful if the configuration factor at many positions with respect to a radiator is to be found. It is also possible by this method to find at what position with respect to a radiator there IS a
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given configuration factor. The authors know of no other method of solving this problem for any but the simplest cases. (6) PLEIJEL, G , and LONGMORE. J. J . Scr. Instrum., 29, p, 1 3 1 (1952) .
The intensity of radiation at any point with respect to radiator can be expressed as
where $ is the configuration factor The theimionic emission from thin evaporated films of barium and strontium oxide has been studied. Thin barium oxide films have a good emission following evaporation. The emission improves a little during heat treatment, and is then similar to that from a sprayed cathode coating of barium oxide. There is a maximum emission at a thickness of 10-5 cm. Strontium oxide behaves in a similar way, with a lower level of emission. If barium oxide is evaporated on strontium oxide, the best emission obtainable is as for barium oxide alone. If, however, strontium oxide is evaporated on barium oxide, heat treatment results in an emission higher than that from either barium or strontium oxide alone, and similar to that from a sprayed cathode coating of mixed barium and strontium oxide. The emission is best when the strontium oxide thickness is 10-5 cm, whether the barium oxide thickness is of this order or greater
In previous publications(i, 2, the authors have described some of the thermionic and secondary emitting properties of evaporated films of barium oxide, with the chief emphasis on secondary electron emission under electron bombardment.
In this paper further studies of the thermionic emission of barium oxide are presented. The emission of films of strontium oxide, and of strontium oxide on barium oxide as well as barium oxide on strontium oxide has also been studied in an attempt to add to the knowledge of the mechanism of thermionic emission from mixed-oxide cathodes.
The thermionic emission of the evaporated layers was compared with the emission of sprayed coatings of barium oxide, strontium oxide and mixed barium and strontium oxide. All measurements were made using the same type of diode, m which an 8 W box cathode of either pure or 0-nickel was mounted on a cylindrical framework which could be rotated. 0-nickel is nickel to the following specification: nickel + cobalt, 99 5 % minimum; magnesium, 0 07-0.15%; cobalt, < 0 . 5 % ; manganese, < 0 15%; iron, < 0 2%; silicon, < 0 1 %, copper, < 0 1 %; sulphur, < 0.005%. The alkaline earth oxide was evaporated from a platinum helix previously coated with the appropriate carbonate, which was converted to oxide by heating at 1000°C durmg pumping. When the oxide was to be evaporated the cathode faced the helix, the cathode was then 188" from the position where it faced the plane rectangular sheet of nickel which formed the anode.
With the valves in which the emission of sprayed coatings was to be examined, the cathodes were sprayed with the appropriate carbonates before assembly. Coating thicknesses from 0 04 to 0 1 mm were used. Evaporating coils Were not provided in these valves.
The valves were pumped on a mercury diffusion pump 74
